Introduction
The monograph "Uvae ursi folium" of the former german BGA (Anonymus, 1994) recommends alkalisation of the urine in connection with the intake of pharmaceutical formulations of Uvae ursi folium or arbutin. This should enhance the urinary concentration of free hydroquinones released from arbutin and thereby increase the antiseptic effect of these teas or phytopharmaceutical drug preparations. This recommendation was not based on pharmacokinetic studies of the metabolic fate of arbutin in humans or experimental animals. From our previous toxicokinetic study in volunteers (Siegers et al. 1997 a, b) we found that arbutin is metabolized in the human intestinal wall and excreted by the urine mainly as hydroquinone conjugates with glucuronic or sulfuric acid. Less than 0.5% of an orally applied dose are excreted as free hydroquinone, which is likely responsible for the antiseptic effect. The present investigation should clarify whether bacteria in urinary infections participate in the deconjugation of hydroquinone and liberate the toxic free hydroquinone, thereby killing themselves. This could be interpreted as a suicidal mechanism.
Methods
4 volunteers, aged between 25 und 45 years (2 males/2 females) ingestedthe recommended daily dose of three times 2 dragees of the drug Cystinol ® akut corresponding to a total dose of 420 mg arbutin = 160 mg hydro- Key words: Arbutin, Deconjugation, Escherichia coli, hydroquinone quinone, together with 100 ml mineralwater. The food intake (breakfast, lunch and dinner) was standardized, only vegetarian food was allowed to increase the urinary pH values to more than 6,5. The ethical agreement was given by the committee of the regional "Ärzte-kammer" (Stud.-No. SB-SYS-1094). A commercially available enzyme solution of glusulase (Boehringer, Mannheim) to cleave conjugates in vitro, or a E. coli suspension (ATCC6538) to mimick infection conditions were added to defined urine samples and incubated for 24 hours at 37 °C in an incubator.
For differentiation between bacterial supernatant and bacterial sediment, 100 µl/ml perchloric acid (333 mmol/l stock solution) was added to precipitate protein. After centrifugation at 4000 rpm (4 °C) the supernatant was carefully decanted and the sediments were weighed.
Results and Discussion
The comparison of HPLC traces from urinary samples without or with addition of the enzyme glusulase (β-glucuronidase/arylsulfatase) or a suspension of Ӷ10 6 CFU/mlӷ E. coli resulted in a 2,3fold higher concentration of deconjugated free hydroquinone (Tables 1+2, Fig. 1 ). For both enzymatic cleavage and bacterial activity a comparable increase in the amount of free hydroquinone was observed.
After centrifugation of the samples and separation of the bacteria from the supernatant a 20fold higher amount of free hydroquinones was detected in the bacterial sediments as compared to the supernatant (Table  3 , Fig. 2) . This result indicates uptake and enrichment of hydroquinone conjugates and subsequent liberation of hydroquinone in E. coli bacteria.
The deconjugating enzymes, e.g. β-glucuronidases, are found in the bacteria (Davis et al. 1969; Burrows, 1973) , which enrich and deconjugate hydroquinone glucuronides and/or sulfates. The free hydroquinone then can damage the cell by destabilisation of its membranes.
Alkalisation of the urine by intake of bicarbonate, as recommended in the monograph (Anonymus, 1994) to increase the amount of free hydroquinone as the antiseptic principle of uvae ursi-extracts is thus not necessary considering the effective bacterial deconjugation by E. coli, the principal agent in urinary infections.
The therapeutic effect of Cystinol ® akut can be obtained without alkalisation of the urine. Since the intracellular pH value of E. coli is not affected by urine alkalisation; additional intake of bicarbonate probably has no influence on the intracellular bacterial deconjugation of hydroquinone conjugates.
